Multiple coronary artery-left ventricular fistulae involving all three major coronary arteries are extremely rare. Clinical findings are heterogeneous but include a history of typical or atypical angina pectoris in most cases. Coronary arteriography in a 65 year old woman who presented with chest pain at rest revealed multiple fine fistulae arising from the left anterior descending, left circumflex, and right coronary arteries. Left-to-left shunt was estimated by measurements of coronary artery flow velocity with intravascular Doppler ultrasound. (Heart 1997;78:91-93) Keywords: coronary fistulae; intracoronary ultrasound; coronary anomaly Figure Congenital coronary artery fistulae are a rare finding in about 0-2% of patients undergoing cardiac catheterisation."2In more than 90% of these cases a single fistula is draining into right heart chambers or the pulmonary artery with an ensuing left-to-right shunt. Multiple fistulous communications to the left ventricle involving all three major coronary arteries are a rare anomaly with fewer than 20 documented cases in the literature.3 We report the first case in which a quantitative estimate of left-to-left shunt was obtained by measurement of coronary artery flow velocity with intravascular Doppler ultrasound.
Congenital coronary artery fistulae are a rare finding in about 0-2% of patients undergoing cardiac catheterisation."2In more than 90% of these cases a single fistula is draining into right heart chambers or the pulmonary artery with an ensuing left-to-right shunt. Multiple fistulous communications to the left ventricle involving all three major coronary arteries are a rare anomaly with fewer than 20 documented cases in the literature. 3 We report the first case in which a quantitative estimate of left-to-left shunt was obtained by measurement of coronary artery flow velocity with intravascular Doppler ultrasound.
Case report A 65 year old woman was admitted to our intensive care unit with chest pain at rest. She had a 10 year history of non-insulin dependent diabetes mellitus, hypertension, and hypercholesterolaemia. The patient smoked 20 cigarettes per day and reported no previous episodes of angina pectoris or dyspnoea. Physical examination revealed a normal first and second heart sound and an uncharacteristic systolic murmur grade 2/6 in the second right intercostal space. Murmurs were also found over the femoral and carotid arteries pulses on 3) . Coronary artery luminal diameters were determined by computer assisted quantitative coronary angiography and amounted to 6-8 and 6-6 mm in the proximal RCA and LAD, respectively. An estimate of coronary artery flow rate was obtained by the following equation:4 QD = (it x D2) x 0-25 x 0.5 x APV where QD = Doppler derived time-average flow, D = vessel diameter, and APV = time average of the spectral peak velocity. Accordingly, coronary flow rate was calculated as 700 ml/min and 960 ml/min in the proximal LAD and RCA, respectively. Measurements of cardiac output with the right ventricle to pulmonary artery thermodilution bolus technique gave an average of 4S8 I/min.
The patient was discharged on an oral antihypertensive (diltiazem), an antidiabetic (glibenclamide), aspirin, and a cholesterollowering drug (lovastatin). During three years of follow up no further clinical episodes of myocardial ischaemia or heart failure occurred.
Discussion
Multiple coronary artery-left ventricular fistulae are an uncommon anomaly. According to a recent review, microfistulae originating from all three major coronary arteries and draining in the left ventricle have been reported in only 16 cases.3 The pathogenetic origin of the malformation is obscure. Morphological studies suggest a partial persistence of embryonic myocardial sinusoids that arise from endothelial protrusions into the intertrabecular spaces.56 Fetal regression of these structures results in the formation of the Thebesian vessels of the adult heart. Thus, interference with developmental changes might produce an abnormally prominent Thebesian system with the morphological appearance of multiple coronary microfistulae.
Most patients in whom this anomaly is diagnosed present with typical or atypical angina pectoris in adult life. The clinical syndrome has been attributed to a coronary steal situation due to the shunting of blood via the low resistance fistulae.7 Surprisingly, ischaemic responses during exercise stress testing and thallium scintigraphy were not unanimously observed in the reported cases including the present one. In retrospect, the singular appearance of an acute coronary syndrome in our patient most probably resulted from a transitory thrombogenic transformation of the atherosclerotic plaque in the middle segment of the RCA. According to the literature, all patients experienced their first anginal attacks during advanced adulthood (older than 40 years) despite the assumed congenital origin of the malformation. Therefore, the clinical and prognostic relevance of the suspected ischaemic syndrome in multiple coronary artery-left ventricular fistulae appears to be uncertain. 5 Haemodynamic quantification of shunt flow might provide further insight into the pathophysiology of this anomaly. In the present case, total flow through the left and right epicardial coronary artery was calculated as 1660 ml/min by using a Doppler guidewire technique. In comparison, total myocardial blood flow in healthy adults has been determined as 150-300 ml/min at rest8 Thus, total left ventricular output might be estimated as the sum of shunt flow (1400 ml/min) plus systemic flow (4800 ml/min). Accordingly, leftto-left shunt flow would amount to approximately 23% of total left ventricular output. It has been speculated that the considerable shunt volume draining into the left ventricle might result in diastolic overload imitating the haemodynamic situation of aortic regurgitation.9 In contrast, the estimated shunt fraction of 23% in our patient cannot be expected to have any negative impact on left ventricular function for it would be classified as being mild even in subjects with aortic regurgitation. Accordingly, no left ventricular enlargement or reduction in ejection fraction were found. The clinical course of the patient was completely uneventful before and after the first anginal episode that led to coronary angiography and diagnosis. In view of these haemodynamic and clinical findings, the question remains whether this entity has any pathophysiological significance or has to be considered as a normal variation due to a prominent Thebesian system. 
